An enzyme-linked immunosorbent assay method was used to classify bovine serum as positive, negative, or doubtful for antibodies to Brucella abortus. Spectrophotometric data from assays of 64 serologically positive and 32 serologically negative bovine sera were analyzed statistically to define the range of spectrophotometric absorbance values which classify sera. Statistical analysis indicated that absorbance values <0.08 should be considered negative and values >0.14 should be considered positive, with intermediate values declared doubtful, and that the probability of erroneously classifying a positive serum as negative or a negative serum as positive is less than 0.005. 
Serological assessment of Brucella abortus infection in cattle has been contingent upon results of agglutination and complement fixation assays (1) . However, agreement among serological methods is influenced by vaccination status, subclasses, and affinity characteristics of immunoglobulins, immune complexes, and, possibly, other immunological factors (2, 3) , making interpretation of serological results at best inconclusive.
Recently, immunoenzyme methods have been recognized as useful serological tools for determining epidemiological indices applicable to viral, bacterial, and parasitic infections (10, 11, 14, 15) and for the detection of toxins in foods for human consumption. However, the methods for interpreting results from enzyme-linked immunosorbent assays (ELISA) are without definition and are, therefore, completely arbitrary. Voller and Bidwell (15) ELISA test protocol. The ELISA was conducted as previously described (3) with the exception that in place of 5-amino-salicylic acid the indicator used in the substrate was 2,2'-azino-di-(3-ethyl-benz-thiazoline sulfonic acid) diluted in citric acid, pH 4.0. Color development was arrested by the addition of 0. Statistical analysis of serologically positive and negative sera. In Table 3 we present the results of a statistical analysis on the absorbance values from 64 positive and 32 negative sera. These same sera were tested at two different times with different lots of the same antigen preparation to yield replicates of the positive and negative samples. The confidence limits were calculated by using a one-tailed t-test at the 0.005 probability level.
The confidence limits calculated for the positive replicates indicate that the probability of an absorbance value for a positive sample being <0.11 for PR1 (Fig. 1) or <0.08 for PR2 (Fig. 2) VOL. 11, 1980 on August 14, 2017 by guest http://jcm.asm.org/ Downloaded from is <0.005. For negative replicates the confidence limits indicate that the probability of a SAV for a negative sample being >0.14 for NR-1 (Fig. 1) or >0.11 for NR2 (Fig. 2) is <0.005. For PR1 and NR1, a SAV >0.11 and <0.14 ( Fig. 1) or for PR2 and NR2, a SAV >0.08 and <0.11 ( Fig. 2) is considered doubtful. For serologically negative sera (i.e., NR1) we expect 95% of the population to have a SAV c0.11 and 0.5% of the population to have a SAV '0.14 and, therefore, to be erroneously classified as positive (Fig. 1) , leaving 4.5% of the population classified as doubtful. For serologically negative sera (i.e., NR2), we expect 90% of the population to have a SAV '0.08 and 0.5% of the population to have a SAV 0.11 and be erroneously classified as positive. The remaining 9.5% of the population would be classified as doubtful (Fig. 2) .
For serologically positive sera (i.e., PR1) we expect 99% of the population to have a SAV -0.14 and 0.5% of the population to have a SAV c0.11 and be erroneously classified as negative. The remaining 0.5% of the population would be classified as doubtful (Fig. 1) . For serologically positive sera (i.e., PR2) we expect 98.5% of the population to have a SAV -0.11 and 0.5% of the population to have a SAV '0.08 and be erroneously classified as negative. The remaining 1.0% of the population would be classified as doubtful (Fig. 2) .
Statistical analysis of ELISA results from serologically negative sera tested at 1:3 and 1:20 dilutions are presented in Table 4 . The SAV on sei-a tested at a 1:3 dilution were generally higher than the SAV on sera tested at a 1:20 dilution. However, data from sera tested at a 1:20 dilution support the data in Table 1 regarding the values expected for serologically negative sera. Furthermore, the ELISA results on 170 sera from 10 cows negative for B. abortus support the results of the study of reproducibility shown in Table 2 .
DISCUSSION
The nature of the ELISA method is such that there is a gradual change from negative to positive serological classification based on increasing Table 2 are not significantly different from zero. Therefore, any difference between mean absorbance values must be considered a real difference and not a difference due to experimental error.
The differences, represented in Table 3 , between the means of the samples known to be serologically positive or negative are attributed in part to the different lots of antigen used to test the replicate samples. Although the means are different, the coefficients of variation of the two positive replicates are almost identical, which indicates the same relative variation in SAV. The coefficients of variation of the negative replicates are large as a result of the low absorbance values which are characteristic of negative sera. Small changes in SAV are reflected in large percent values at the low end of the negative scale. Figures 1 and 2 show that SAV on serologically negative sera were <0.11 or <0.08 and, therefore, they should be considered ELISAnegative. Similarly, SAV on serologically positive sera were >0.11 and >0.14, respectively, and therefore they should be considered ELISA-positive. However, we chose to use conservative figures to define SAV as positive, negative, or doubtful. These figures were derived by combining data from Fig. 1 and 2 whereby a SAV <0.08 is considered negative and a SAV -0.14 is considered positive. Absorbance values >0.08 and <0.14 are considered doubtful.
Data in Table 4 indicate that the coefficients of variation are nearly the same, which implies that the relative variation between the samples is not different. ELISA results or SAV from sera tested at a 1:3 dilution yield a threefold increase in the mean and standard deviation when compared to ELISA results from sera tested at a 1: 20 dilution. Thus, new criteria must be developed for defining positive, negative, or doubtful sera when changes in test conditions occur, because changes in antigen or antigen concentration, and dilution of antiserum or conjugate or both can effect the SAV. Therefore, these variables should be standardized by box titration before the criteria for defining positive or negative sera are established. The need for serological evaluation of sera at higher concentrations was indicated from our recent experience that early detection of serum antibodies from reactor cows was accomplished more frequently if sera were tested at a dilution <1:20.
